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Many	medical	schools	and	hospitals	throughout	the	world	are	equipped	with	a	simulation	center	for	the	purpose	of	
training	anesthesiologists	to	perform	both	technical	and	non-technical	skills.	Because	induction,	maintenance,	and	
emergence	of	general	anesthesia	are	critical	to	patient	welfare,	various	simulation	mannequins	and	tools	are	utilized	
for	the	purpose	of	training	anesthesiologists	for	safer	patient	care.	Traditionally,	anesthesia	residency	training	mostly	
consisted	of	didactic	 lectures	and	observations.	After	completion	of	“traditional”	training,	anesthesia	residents	
were	allowed	to	perform	procedures	on	patients	under	supervision.	However,	simulation	would	be	a	more	effective	
training	tool	 for	which	to	teach	anesthesiologists	 the	skills	necessary	to	perform	invasive	procedures,	such	as	
endotracheal	intubation,	central	venous	catheter	insertion,	and	epidural	catheter	insertion.	Recently,	non-technical	
skills,	such	as	the	Anesthesia	Non-Technical	Skills	developed	by	anesthesiologists	from	Aberdeen	University,	have	
been	emphasized	as	an	important	training	resource.	Technical	skills	and	non-technical	skills	can	be	learned	by	
anesthesiology	residents	through	a	standardized	and	organized	simulation	program.	Such	programs	would	be	
beneficial	in	training	anesthesia	residents	to	work	efficiently	as	a	team	in	the	operation	room.		(Korean	J	Anesthesiol	
2013;	64:	204-211)
Key Words:	Anesthesia,	Non-technical	skill,	Simulation,	Simulator,	Training.
Medical	simulation	is	needed	in	anesthesia	training	to	
achieve	patient’s	safety
Chul-Ho	Chang
Department	of	Anesthesiology	and	Pain	Medicine	and	Anesthesia	and	Pain	Research	Institute,	Yonsei	University	College	of	Medicine,	
Seoul,	Korea
Received: December 18, 2012.  Accepted: January 2, 2013.
Corresponding author: Chul-Ho Chang, M.D., Ph.D., Department of Anesthesiology and Pain Medicine and Anesthesia and Pain Research 
Institute, Yonsei University College of Medicine, 50, Yonsei-ro, Seodaemun-gu, Seoul 120-752, Korea. Tel: 82-2-2019-3528, Fax: 82-2-3463-0940, 
E-mail: anezzang@yuhs.ac
    This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://
creativecommons.org/licenses/by-nc/3.0/), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, 
provided the original work is properly cited.
CC
Copyright ⓒ the Korean Society of Anesthesiologists, 2013 www.ekja.org
Korean J Anesthesiol 2013 March 64(3): 204-211 
http://dx.doi.org/10.4097/kjae.2013.64.3.204 
Introduction
Anesthesiologists	have	played	a	key	role	in	development	of	
mannequin	simulators	and	contributed	to	the	development	
of	simulation	programs	for	education,	training	and	research	
[1].	The	first	computer	controlled	mannequin	simulator	was	
SimOneⓇ	manufactured	by	Denson	and	Abrahamson	in	1960s	
[2],	but	 it	was	too	 large	and	expensive	to	apply	to	medical	
education.	 In	1968,	Gordon	developed	HarveyⓇ,	 a	high-
technology	cardiopulmonary	simulator	[3].	Harvey	has	been	
used	by	medical	students,	nurses,	residents	and	attending	
physicians.	Harvey	 is	capable	of	 simulating	auscultation	
sounds,	blood	pressure,	arterial	pulses,	precordial	impulses,	
normal	heart	sounds	and	murmurs.	Most	medical	students	
205www.ekja.org
Korean J Anesthesiol Chul-Ho Chang
were	able	to	demonstrate	high	objective	structured	clinical	
examination	(OSCE)	scores	after	training	with	the	HarveyⓇ	
simulator	[4].	An	anesthetic	drug	physiology	and	pharmacology	
based	computer	simulation	model,	called	GasmanⓇ,	was	
also	developed.	 It	was	capable	of	 showing	anesthetic	gas	
uptake,	distribution	and	elimination	[5].	 In	the	1980s,	high	
fidelity	mannequin	simulators	emerged	in	clinical	anesthesia	
training	(Comprehensive	Anesthesia	Simulation	Environment	
[CASE]	1.2)	 for	 the	purpose	of	 teaching	Anesthesia	Crisis	
Resource	Management	(ACRM).	Many	skill	trainers	for	various	
procedures	training	such	as	epidural	catheter	insertion,	central	
venous	catheter	insertion	and	fiberoptic	bronchoscopy	were	
also	developed	during	this	period	[6].
Such	trials	and	discoveries	were	introduced	to	academic	
societies.	International	Meeting	for	Anesthesiology	Societies	
provides	many	lectures	and	workshops	on	simulation.	The	
Society	for	Simulation	in	Healthcare,	an	organization	consisting	
of	multi-disciplines	 in	healthcare,	has	been	organizing	the	
annual	International	Meeting	on	Simulation	for	Healthcare	
every	January	since	2004,	and	has	been	publishing	the	official	
journal,	“Simulation	in	Healthcare”,	every	other	month	since	
2006.
High	fidelity	simulators	have	been	widely	used	for	training	
anesthesiology	residents	and	medical	students	since	the	1990’s.	
Anesthesiology	residents	trained	with	simulators	responded	
more	quickly,	performed	better	and	deviated	less	 from	the	
accepted	procedure	[7].	Technical	performance	and	behaviors	
rated	with	simulation	videotapes	were	also	useful	in	assessing	
clinical	competency	[8].	HPSⓇ	 simulator	manufactured	by	
Medical	Education	Technologies	Inc.	(METI)	was	used	as	an	
effective	teaching	tool	for	airway	management,	ventilator	care	
and	hemodynamic	management	 in	critical	care	medicine	
[9].	Issenberg	et	al.	[10]	reviewed	109	studies	on	high	fidelity	
simulation	learning,	and	providing	feedback	(47%),	repetitive	
practice	(39%),	curriculum	integration	(25%),	range	of	difficulty	
level	 (14%),	multiple	 learning	 strategies	 (10%),	 capture	
clinical	variation	(10%),	individualized	learning	(9%),	defined	
outcomes	(6%)	and	simulator	validity	(3%)	were	suggested	as	
features	and	uses	of	high-fidelity	medical	simulators	that	lead	
to	effective	learning.	Cook	et	al.	[11]	analyzed	609	articles	from	
10,903,	and	searched	evidence	of	the	effect	of	simulation	on	
health	profession	education.	It	was	suggested	that	technology-
enhanced	simulation	training	in	health	professions	education	
is	 consistently	associated	with	 significant	effects	on	 the	
outcomes	of	 knowledge,	 skills,	 and	behaviors	 and	with	
moderate	effects	on	patient-related	outcomes	compared	to	no	
intervention.
The	aim	of	 this	review	was	 to	 introduce	the	necessities	
of	simulation	based	training	and	education	 in	 the	 field	of	
anesthesiology.
What is Simulation?
Simulation	is	a	technique	to	replace	or	amplify	real-patient	
experiences	with	guided	experiences	[12].	Various	types	of	
simulators	are	used	 to	 train	and	assess	different	 levels	of	
learners.	These	include	mannequin	simulators,	human	cadaver	
or	animal	models,	computer-based	simulation,	haptic	and/
or	virtual	simulation,	as	well	as	simulation	using	standardized	
patients.	Simulation	has	been	an	accepted	part	of	training,	
assessment	and	research	 in	high-reliability	organizations,	
such	as	aviation,	nuclear	power,	and	military.	Healthcare	has	
adopted	simulation	from	these	fields	for	the	purpose	of	training	
healthcare	providers.	Simulation-based	learning	has	been	used	
to	shorten	the	gap	that	exists	between	the	learning	environment	
and	the	real	clinical	environment.	Many	skill	trainers	have	been	
developed	to	actualize	real	clinical	site	especially	for	novice	
anesthesiologists	[13].
Utilization	of	simulatiors	has	many	advantages	for	medical	
education	[14-18]:	1)	learning	can	be	focused	on	the	level	of	
trainees	with	various	levels	of	difficulties;	2)	learners	can	either	
learn	the	whole	procedure	process	or	 just	 focus	on	certain	
tasks	of	 the	procedure;	3)	 learners	have	the	opportunity	to	
repetitively	practice	in	quick	succession;	4)	learners	learn	in	a	
safe	environment	where	they	can	be	allowed	to	learn	from	their	
mistakes	rather	than	be	rescued	by	their	supervisor	to	keep	
the	patient	safe;	5)	simulators	can	provide	objective	evidence	
of	performance,	offering	potential	for	their	use	for	assessment,	
both	 formative	and	summative;	6)	simulation	can	provide	
practice	on	certain	procedures	such	as	cricothyrotomy,	which	
is	a	critical	life-saving	procedure	that	is	uncommon	and	rarely	
performed	by	anesthesiology	residents.
However,	simulation	also	comes	with	some	limitations,	
especially	when	using	high-technology	simulators.	Its	high	
cost	and	the	need	for	dedicated	simulation	rooms	with	audio-
video	system,	separate	debriefing	rooms,	simulation	programs,	
trained	 faculty	and	staff	are	some	of	 the	barriers.	Various	
simulation	programs	are	needed,	because	limited	experience	
of	simulation	can	guide	heuristic	approach	based	on	their	own	
experiences	[19].
Anesthesia Training with Simulators
There	has	been	a	growing	trend	for	reduced	medical	training	
hours	and	decreased	trainee	exposure	to	clinical	experience.	This	
has	led	a	question	of	whether	there	would	be	enough	time	for	
skills	to	be	adequately	learned	through	current	training	programs	
[20].	In	addition	to	the	trend	of	reduced	training	hours	and	
clinical	exposure,	medical	simulation	has	gained	importance	
in	medical	education,	because	there	is	a	perceived	need	for	
greater	accountability	to	the	public	health	and	an	increasing	
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emphasis	on	patient	safety	[21].	Therefore,	medical	education	
should	follow	the	trend	of	outcome	based,	competency	based,	
and	individual	learning	to	achieve	these	goals.
Many	of	the	skills	required	in	anesthesia	practice	should	be	
acquired	by	exercises	and	experiences	rather	than	traditional	
lectures.	Therefore,	OSCE,	problem-oriented	learning	(PBL)	
and	clinical	performance	examination	(CPX)	were	proposed	as	
anesthesia	education	methods.	Medical	simulation	has	grown	
significantly	world-wide	in	medical	education,	and	simulation-
based	medical	education	 is	now	a	very	 important	part	of	
anesthesia	training	programs	[22].	
Training	with	high-fidelity	simulators	helps	 learners	 to	
adhere	better	to	the	American	Society	of	Anesthesiologists	(ASA)	
Difficult	Airway	Management	guideline	[23].	Other	researchers	
reported	better	cardiopulmonary	resuscitation	performance	
after	simulation	[24],	reduction	in	costs	and	complications	
related	to	central	catheter	 insertion	by	simulation	training	
[25],	higher	scores	in	cardiopulmonary	bypass	weaning	after	
simulation	based	learning	[26]	and	superior	non-technical	skills	
in	simulation	training	groups.	Simulation	programs	in	anesthesia	
consists	of,	but	not	limited	to,	difficult	airway	management,	lung	
separation,	central	venous	catheter	insertion,	epidural	block,	
hemodynamic	monitoring,	and	so	on	[27-29].	
Another	application	of	medical	simulation	in	anesthesia	
education	is	the	assessment	of	skills	and	competency.	Providing	
the	opportunity	to	assess	clinical	performance	in	a	scheduled,	
structured	and	standardized	setting	 in	conjunction	with	
simulation	based	assessment	may	have	the	potential	 to	be	
a	valuable	addition	to	the	existing	theoretical	examination	
protocols	 in	 residency	 training	 [30].	For	example,	cannot	
intubate,	 cannot	ventilate	 (CICV)	 scenario	was	used	 for	
anesthesiologist	assessment	[23].	Trainees	showed	improvement	
in	the	second	CICV	scenario	by	debriefing	them	about	airway	
management	algorithms.	Situational	stress,	low	familiarity	with	
tracheal	intubation	instruments	other	than	direct	laryngoscopy	
and	the	lack	of	adherence	to	airway	management	algorithms	
are	considered	to	be	important	causes	for	low	scores.	Although	
simulation	 training	 is	demonstrated	 to	be	of	value	 in	 the	
acquisition	of	skills,	its	effect	diminishes	in	the	long	run	and	
showed	no	difference	in	performance	of	central	venous	catheter	
insertion	between	clinically	trained	residents	and	residents	with	
additional	simulation	training.	Therefore,	simulation	acquired	
skills	should	be	maintained	by	repetitive	practice,	constructive	
feedback	and	concrete	assessment	[17].
In	anesthesiology,	simulation	research	has	fewer	limitations	
with	regard	to	ethical	aspects	than	basic	or	clinical	research.	
Simulation	research	has	focused	on	the	development	of	high	
fidelity	simulators,	the	educational	effects	of	combination	of	
simulators,	validity	of	educational	tools	such	as	global	rating	
scale,	application	methods	and	so	on.
Simulation Training Process
Simulation	 is	usually	performed	 in	specially	designed	
simulation	centers	(Fig.	1),	but,	can	be	performed	in	real	working	
areas.	Stimulation	in	the	real-world	is	called	in	situ	simulation.	
In	situ	simulation	has	some	advantages,	for	example,	trainees	
are	familiar	with	the	equipment	and	environment,	can	co-
operate	with	their	own	team,	and	no	need	for	additional	space.
Simulation	programs	should	be	designed	according	to	the	
learning	objectives	and	educational	curriculum.	Trainees	as	
well	as	trainers	should	be	familiar	with	learning	objectives.	The	
designing	process	is	as	follows:	1)	review	the	process	required	
to	perform	a	procedure;	2)	establish	 the	steps	required	to	
perform	a	procedure;	3)	develop	a	consensus	on	the	sequence	
of	the	steps;	4)	identify	major	performance	milestones	required	
to	perform	a	procedure;	5)	assure	that	trainees	acquire	the	skills	
required	for	each	step	prior	to	advancing;	6)	define	the	common	
as	well	as	serious	failure	modes;	and	7)	design	strategies	that	
reduce	the	frequency	of	these	errors	[31].
Scenarios	 should	be	designed	according	 to	 the	entire	
simulation	program.	The	designing	process	for	scenarios	are:	
1)	the	scenario	must	include	an	opportunity	for	trainees	to	use	
judgments	relevant	to	the	training	goals;	2)	the	scenario	must	
have	high	fidelity	for	the	clinical	environment;	3)	the	scenario	
must	include	essential	diagnostic	and	treatment	skills	required	
to	manage	the	simulated	condition;	4)	practice	experts	must	
agree	on	these	essential	diagnostic	and	treatment	skills;	5)	
an	approach	to	evaluate,	score	and	offer	objective	feedback	
must	be	provided	following	the	scenario;	6)	the	scenario	needs	
a	copious,	easy	and	clear	description;	7)	the	scenario	must	
include	required	skills	embedded	into	the	curriculum;	and	8)	
crisis	events	are	included	in	the	compressed	timeline.
Fig. 1. Simulation in the operating room.
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After	simulation	with	a	simulator,	debriefing	is	followed.	
It	is	well	known	that	debriefing	was	first	used	to	describe	the	
account	individuals	gave	on	returning	from	a	mission	in	the	
military.	Debriefing	on	an	event	or	activity	and	subsequent	
analysis	is	essential	in	the	process	of	learning.	However,	not	
everyone	is	naturally	capable	of	analyzing,	understanding	and	
assimilating	learning	experiences	on	their	own,	particularly	
those	included	in	highly	dynamic	team	based	activities.	The	
attempt	to	bridge	this	natural	gap	between	experiencing	an	
event	and	making	sense	of	it	has	led	to	the	evolution	of	the	
concept	of	post-experience	analysis	called	debriefing.	Elements	
of	good	debrief	are	the	use	of	open	ended	questions,	positive	
reinforcement,	 the	use	of	cognitive	aids,	and	good	use	of	
audiovisual	capabilities	[32].	Debriefing	is	performed	according	
to	the	following	process	[33]:	1)	identifying	the	impact	of	the	
experience;	2)	 identifying	and	considering	 the	developed	
processes;	3)	clarifying	the	facts,	concepts,	and	principles;	4)	
identifying	the	ways	in	which	emotion	was	involved;	and	5)	
identifying	different	views	formed	by	participants.
Assessment	is	a	very	important	process	in	simulation	training.	
Comprehensive	checklists	and	global	rating	scales	are	frequently	
used.	A	greater	level	of	involvement	of	simulation	allows	for	
more	reliable	assessment.	A	single	prolonged	and	complicated	
scenario	may	offer	more	opportunities	to	demonstrate	skills	
and	non-technical	skills,	but	scoring	and	assessment	of	the	
trainee	is	often	challenging.	Decreased	working	hours	during	
the	training	course,	increased	focus	on	patient	safety	and	greater	
accountability	have	resulted	in	a	paradigm	shift	 in	medical	
education	[34].	Teaching	a	technical	skill	is	processed	by	the	
following	4	steps:	1)	demonstration:	show	how	to	perform	a	
procedure	instead	of	using	explanations;	2)	analysis:	explains	
each	step;	3)	understanding:	trainee	performs	a	procedure	while	
trainer	explains;	and	4)	performance:	trainee	performs	and	
explains	the	procedure.	
Simulation in Technical Skill Teaching
Although	animals	and	cadavers	can	be	used	to	teach	tech-
nical	skills	for	medical	students,	utilization	of	simulators	for	
technical	skill	 training	has	become	a	major	trend	in	recent	
years	[35].	Simulation	has	been	recognized	as	a	useful	method	
in	acquiring	technical	skills	because	simulation	fits	well	with	
the	three-stage	model	of	cognition,	integration	and	automation	
[35].	Cognition	is	developing	an	understanding	of	the	task,	and	
being	able	to	make	a	clear	description	and	demonstration	of	the	
task.	Integration	makes	knowledge	obtained	from	the	cognition	
to	be	incorporated	into	learning	the	motor	skills	for	the	task.	
Finally,	the	task	becomes	automatic	and	even	subconscious.	
Competence	 in	procedural	skills	 is	achieved	by	a	variable	
number	of	attempts	in	normal	and	pathological	conditions,	and	
depends	on	the	quality	of	teaching,	motor	skills	and	aptitude	of	
individual	trainees.	Pre-trained	novice	can	obtain	proficiency	
without	direct	patient	contact.	If	a	learner	reaches	the	level	of	
automation	in	performing	certain	procedure,	he	or	she	can	
achieve	additional	abilities	such	as	communication,	teamwork	
and	decision	making	[36].	
Procedural	skill	assessment	is	generally	considered	less	im-
portant	than	knowledge	and	judgment	[37].	Parts	of	anatomical	
area	 trainers	have	been	used	 for	procedural	skill	 training	
instead	of	high	fidelity	full-scale	computer	based	simulators.	
Part	of	anatomical	area	trainers	are	widely	used	because	it	is	
less	expensive	than	full	scale	patient	simulators.	However,	full	
scale	simulators	can	simulate	better	in	the	settings	of	anesthesia	
clinical	skill	teaching	which	needs	indispensable,	quick	and	
accurate	performance	at	critical	situation	[38].	
A	type	of	full	scale	simulator	function	is	described	in	Table	1.	
Hybrid	simulation,	a	combination	of	a	standardized	patient	
who	plays	a	 role	of	assessing	communication	skills	and	a	
manikin	simulator	which	assesses	 technical	skills,	 is	also	
useful	in	anesthesia	procedural	skill	training.	Therefore,	the	
development	of	more	realistic	simulation	programs	will	provide	
more	complex	and	higher	quality	education	on	both	technical	
and	non-technical	skills.
High	fidelity	simulators	provide	more	realistic	simulation	
environment	and	educational	effects	in	comparison	to	simple	
part	trainers.	Therefore,	it	is	essential	to	facilitate	high	fidelity	
simulators	and	to	replicate	various	simulation	programs.
Anesthesia Non-technical Skills
Non-technical	skills	can	be	defined	as	cognitive,	social,	and	
personal	resource	skills	that	complement	technical	skills,	and	
contribute	to	safe	and	efficient	task	performance	[39].	Adverse	
event	data	from	anesthesia	showed	that	non-technical	skills	
play	a	key	role	in	patient	safety.	A	review	of	human	factors	
and	current	use	of	behavioral	markers,	questionnaire	survey,	
problems	and	concerns,	observations	in	theatre,	and	interviews	
with	consultant	anesthetists	to	identify	the	non-technical	skill	
underpinning	their	practice	were	undergone.
For	example,	anesthesiologists	and	psychologists	designed	
the	anesthesia	non-technical	skills	(ANTS)	system	using	task	
analysis	similar	to	the	non-technical	skills	(NOTECHS)	system	
for	pilots.	NOTECHS	is	applied	first	 in	pilot	 training.	Non-
technical	skills	are	also	applied	in	surgery,	and	assessment	of	
surgical	non-technical	skills	(NOTSS)	is	becoming	a	training	
priority	to	develop	in	surgeons.	The	present	evidence	suggests	
that	the	revised	NOTSS	exhibits	good	reliability	[40].	NOTSS	is	
consisted	of	4	categories,	situation	awareness,	decision	making,	
communication	and	teamwork,	and	leadership.	Such	tools	
like	NOTECHS	and	NOTSS	may	be	helpful	in	the	development	
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Table 1. Simulator Functions
Category                                                                                 Function
Multiple airway skills/features
Airway complications
Breathing features
Breathing complications
Cardiac-features
Circulation features
Vascular access
CPR
Eyes
Other features
Adjust airway difficulty
Head tilt/Chin lift
Jaw thrust w/articulated jaw
Suctioning (Oral & Nasopharyngeal)
Bag-mask ventilation
Oral Endotracheal tube (Tube size: 7.5-8.0)
Nasal Endotracheal tube (Tube size: 7.0-7.5)
Airway devices
  - Combitube (Size 37 F)
  - LMA (Size 4)
  - LMA Fastrach (Size 4)
  - I-Gel (Size 4)
Retrograde intubation
Fiberoptic intubation
Transtracheal jet ventilation
Needle cricothyrotomy
Surgical cricothyrotomy
Variable lung compliance - 4 settings
Variable airway resistance - 4 settings
Right main stem intubation
Stomach distention
Connectivity with third party
Respiratory simulations
Automatic sensor for airway patency
Can’t intubate/Can ventilate
Tongue edema
Pharyngeal swelling
Laryngospasm
Decreased cervical range of motion
Trismus
Spontaneous respiration
Unilateral/bilateral chest movement
Capnogram and pulseoxymetry 
Normal or pathologic respiratory sound
Cyanosis
Needle thoracotomy
Unilateral/bilateral lung sound
Chest tube insertion
Various ECG
Cardiac sound
12 lead ECG with patient monitor
Defibrillation
Pacing
Blood pressure
Palpable arterial pulse (carotid, femoral, brachial, radial, dorsalis pedis, posterior tibia)
Automatic pulse pressure according to the blood pressure and cardiac rhythm
IV fluid/IV drug injecton
Intraosseous injection
Automatic sensor for drug 
Q-CPR according 2005 AHA guideline
Chest compression
Depth, relaxation and rate monitoring
Real time evaluation of CPR
Eye opening rate
Light reflex
Seizure
Bleeding
Wound module
Foley catheter insertion (size 16 F)
Urine output
Secretion
Sweating
Bowel sound
Voice (recorded or microphone)
Real time communication with instructor
LMA: laryngeal mask airway, ECG: electrocardiogram, CPR: cardiopulmonary resuscitation, AHA: American heart association.
209www.ekja.org
Korean J Anesthesiol Chul-Ho Chang
of	non-technical	skill	 training	in	anesthesiology.	Such	non-
technical	skills	should	be	developed	according	to	the	regional	
and	cultural	environment.
ANTS	is	a	type	of	non-technical	skill	training	tool	consisting	
of	4	categories	with	each	category	having	3	to	5	elements	[41].	
The	four	categories	are	task	management,	team	working,	situ-
ation	awareness,	and	decision	making	(Fig.	2).	Each	element	is	
assessed	by	a	behavior	marker.	Task	management	is	the	skill	of	
management	of	resources	and	organization	of	tasks	to	achieve	
goals,	be	they	individual	case	plans	or	longer	term	scheduling	
issues.	It	contains	4	elements,	namely	planning	and	preparation,	
prioritization,	providing	and	maintaining	standards,	and	
identifying	and	utilizing	resources.	Team	working	is	the	skill	of	
working	with	others	as	a	team,	in	any	role,	to	ensure	effective	
joint	task	completion	and	team	satisfaction;	the	focus	is	on	the	
team	rather	than	the	task.	It	has	5	elements,	namely	coordinate	
activities	with	team	members,	information	exchange,	the	use	of	
authority	and	assertiveness,	assessment	of	capabilities	of	team	
and	self,	and	supporting	others.	Situation	awareness	is	the	skill	
of	developing	and	maintaining	an	overall	dynamic	awareness	
of	the	situation	based	on	the	perception	of	elements	of	the	
theatre	environment;	that	is,	understanding	what	they	mean	
and	thinking	ahead	about	what	could	happen	in	the	near	future	
regarding	the	patient,	team,	time,	displays,	and	equipment.	It	
has	3	elements,	namely	gathering	information,	understanding	
and	recognition,	and	anticipation.	Decision	making	is	the	skill	
of	making	decisions	to	reach	a	judgment	or	diagnosis	about	a	
situation,	or	to	select	a	course	of	action,	based	on	experience	
or	new	information	under	both	normal	conditions	and	in	time-
pressured	crisis	situations.	It	has	3	elements,	namely	identifying,	
balancing	risks	and	selecting	options,	and	re-evaluation	(Table	2)	
[42].
Behavioral	markers	are	rated	as	either	positive	or	negative	
result.	For	example,	in	the	planning	and	preparation	element	
of	task	management,	good	practices	are	communicate	plan	
for	case	relevant	staff,	 review	case	plan	in	 light	of	changes	
and	make	post-operative	arrangements	for	the	patient.	Poor	
practices	of	planning	and	preparation	are	do	not	adapt	plan	in	
light	of	information,	do	not	ask	for	drugs	or	equipment	until	
the	last	minute,	do	not	have	emergency	or	alternative	drugs	
available	for	the	patient,	and	fail	to	prepare	theater.
ANTS	is	applied	to	simulators	and	in-theatre	training	to	
assess	non-technical	skills,	to	identify	trainee’s	competence,	to	
give	structured	feedback,	and	to	inform	further	training.	The	
ANTS	framework	can	be	used	for	post-	scenario	or	operation	
debriefing	[43].	The	purposes	of	evaluation	of	non-technical	
skills	are	feedback,	testing	skills	or	licensing,	the	efficacy	of	non-
technical	skills	training	programs	and	constructing	databases	
and	analyses.
Conclusion
Simulation	has	a	potential	to	promote	a	new	paradigm	com-
pared	to	traditional	education	tools.	Technical	skills	and	non-
technical	skills	can	be	taught	to	anesthesiology	residents	via	a	
standardized	and	organized	simulation	program.	Such	programs	
would	be	beneficial	in	training	anesthesia	teams	working	in	the	
operation	room.	
In	conclusion,	academic	societies	should	develop	simulation	
programs	that	are	compatible	with	the	international	standards	
and	periodic	demand	to	achieve	clinical	competency	and	
patient	safety	thorough	medical	education	based	on	simulation.
Table 2. Categories and Elements of Anesthesia Non-technical Skills
Category Element
Task management
Team working
Situation awareness
Decision making
Planning and preparation
Prioritisation
Providing and maintaining standards
Identifying and utilising resources
Co-ordinates activities with team members
Information exchange
Use of authority and assertiveness
Assessment of capabilities of team and self
Supporting others
Gathering information
Understanding and recognition 
Anticipation
Identifying 
Balancing risks and selecting options 
Re-evaluationFig. 2. Structure of anesthesia non-technical skills.
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